INTRODUCTION
. Location of Zagożdzonka river catchment of interrill erosion varied significantly with antecedent moisture content; sediment yield from wet soils was 50% lesser than from air-dried soils.
Water relations are one of the most variable characteristics of the soil environment. The simplest indicator showing water conditions of the soil is the moisture content [Somorowski, 1998 ]. Brodowski [2009] indicated that soil moisture at the start of precipitation and the state density have a significant influence on the formation of both the process of erosion and absorption of rainwater. Higher humidity initial subsurface soil layer leads to a faster increase in surface runoff and may be associated with runoff stabilization on a bigger scale. Under the influence of rainfall, soil aggregates of higher humidity are destroyed rapidly, and the resulting shell surface significantly reduces infiltration and contributes to increase the amount of surface runoff and transferred soil. This means that the extreme (very high or very low) initial moist soil and detached crusting surface of eroded soil material can be moved over a longer distance. Wei et al. [2007] found two different functions of antecedent soil water potential to runoff coefficient during the wet and dry periods.
Evaluation of the severity of erosion involving the analysis of the transport of soil material in watercourses does not allow for a full assessment of water erosion within the same catchment area, especially in the short rafting or where surface water is not discharged beyond the catchment area [Rejman, Usowicz 1999] . Therefore, it was advisable to carry out tests on a small scale, thus determining the number of surface run-off and erosion, assuming variable initial conditions such as start humidity, temperature and soil use.
The investigation carried out in Zagożdzonka river catchment between July 2014 and September 2015 included the rainfall simulator experiment, which together with the information on precipitation, temperature and soil moisture at various sandy soils type and land cover, should give the general overview of differences in erosion processes within a small lowland catchment. This work differs from previous studies in two respects: firstly, it was made under rather dry conditions comparing five different environments on sandy soils; secondly, it places emphasis on antecedent conditions rather than on infiltration itself.
MATERIAL AND METHODS
Field investigation of Zagożdżonka catchment for hydrological purpose was started by the present Department of Hydraulic Engineering of Warsaw University of Life Science in 1962 at Płachty Stare gauge. About 20 years later, monitoring of the river flow at Czarna gauge has begun. Since 1991, the investigation has been intensified and the river gauging station at Czarna has been equipped with automatic recorders of rainfall, water level and with devices measuring water quality parameters, i.e. temperature, turbidity and sediment transport. Later on, an electronic system of data recording, logging and transmitting was installed. Zagożdżonka catchment, shown in Figure 1 
Description of the experimental plots and rainfall experiment setup
On the basis of the identified soils types and land cover, the 5 plots were assumed as representative ones in the catchment and have been chosen for rainfall simulation experiments. The basic information about plots locations, as well as soils characteristics and land cover are shown in Table 1 .
The rainfall experiment was conducted using a rainfall simulator made by Eijkelkamp (Fig. 3) Ries et al. 2013 ] drew attention to the significance of repeatability of the same conditions of precipitation for each location, as well as repeatability of the spatial distribution and droplet size distribution of precipitation. This premise was adopted in the presented investigation.
The maximum rainfall volume for one rainfall simulation is limited by the device [Eijkelkamp 2005 ] and its design, to secure the rainfall intensity of 350 ml/1 minute. On the basis of historical precipitation data at Czarna meteorological gauge, the maximum 10 minutes intensity recorded during 2010-2015 does not exceeded 9.9 mm/10 minutes. The USLE [Wischmeier, Smith 1978] rainfall erosivity factor assumes that the rainfall causes erosion if the total rainfall depth is over 12.7 mm, and in case of lower rainfall, if the maximum rainfall intensity is greater than 6.3 mm/15 min [Banasik 1994 ]. On the basis of this information, and taking into account the limitation of the rainfall simulator, the designed rainfall intensity for all experiments has been established as 6mm/8 minute. Samples of overland flow were collected per each simulation to determine the sediment concentrations and sediment yield. Soil initial moisture content and temperature was measured by WET 2 probe. The soil surface repellency was determined in situ using the WDPT test prior to every simulation. WDPT test is the most widespread method for quantifying the persistence of soil water repellency (SWR) (Wallis & Horne, 1992) . Seven drops of distilled water, the volume of which is equal to 58 μl each, were applied onto a representative soil surface and measuring the actual time until complete infiltration of each drop. The classification proposed by Dekker & Ritsema (1994) was used in order to determine the five SWR classes. WDPT values of 5 s were taken as indicative of wettable soil conditions, 5-60 s as slight, 60-600 s as strong, 600-3600 s as severe and >3600 s as extremely repellent.
RESULTS AND DISCUSSION

Rainfall between experiments as indicators of soil moisture
The experiment was conducted during hydrological years 2014 and 2015, starting from July 2014, with non-regular time step. The specific data of particular experiments were basically chosen on general metrological condition (temperature changeability and precipitation). The reason for that was to secure possibly the highest spatial and temporal variability of those conditions. Based on the sum of daily precipitation between particular experiments (Fig. 4) , the second experiment has been performed after the wettest period during measuring period. On the other hand, the sixth experiment has been performed after the driest period. However, the information about the sum of the precipitation is not a sufficient indicator for the determination of soil moisture before the particular experiments. For example, in the case of rainfall-runoff modeling and application of Curve Number method for determination of effective rainfall in a catchment scale (Hejduk et al. 2015 ) the sum of precipitation of 5 days before the considered rainfall event is an indicator of moisture condition [Banasik et al. 2000 ].
In the soil science, the 15-day period is applied for example in Lambor (1971) method for characterization of soil moisture. This method is based on daily precipitation and the results, so called anterior precipitation index, can be calculated by following equation:
where: I L -is the index value (I L varies from 0 to 10 where 10 indicates the full water saturation of soil) a i -weight depended on the day : weight for a1 is 15, weight for a2 is 14 etc.
The values of I L parameter (Table 2) indicate the moisture condition before the particular experiments. It shows that even if the sum of the rainfall between experiments was high, the 15-day period can be very dry. Such situation occurred in the case of experiments conducted on 24.10.2014 and 15.09.2015, when the 15 day period before the experiment was extremely dry. I L index differences, comparing to approach shown on Figure 4 , should be considered for determination of relation between soil moisture and erosion intensity. It also indicates that the 5-day period, usually used for rainfall-runoff models, can be misleading.
The average temperature of soil varied between plots and time (Table 3) . It is generally clear, that during autumn and winter, when the air temperature is lower and energy from the Sun does not add much heat to the soil, the temperature should be lower than during summer time. The variation of temperature between particular plots is connected with land cover. Plot 5, where the forest reduce the sun light intercity, has lower soil temperature in most cases. It is also relevant that the lowest soil temperature during summer were measured at plot 2, which is an open cultivated field. It is possible that wind is an important cooling factor in these cases; however, there was no wind speed research done in this field investigation.
Spatial distribution of erosion and soil moisture within the catchment
One of the results of rainfall simulator application was the determination of erosion processes intensity differences between particular plots. Application of the same rainfall intensity during the same meteorological conditions allows to compare the concentration of eroded material in runoff from the particular plots. Results of sediment concentration (Fig. 5) at particular plots indicate and confirm the known phenomenon of importance of vegetation cover on erosion process. Plot number 2, the only one with actively cultivated land, significantly generates more sediment, comparing to other plots. The average concentration received from plot 2 was 5 times higher than the one from the plot number 1 with wild meadow as land cover. There were no significant differences between plots under various cultivation and the average sediment concentration varied from 1405 mg/l at plot number 5 (young forest) to 2658 mg/l at plot number 1 (wild meadow).
The initial moisture contents (Fig. 6 ) during the studied period and the relative frequency of SWR (Fig. 7) classes were determined in each of the experiments for the five plots.
As the initial moisture condition is generally more dependent on meteorological situation than other factors, there are no significant differences between particular plots. The plots are generally close to each other and, for example, their soil temperature is similar ( Table 2 ). The initial moisture rather depends on the time of the experiment than on the spatial distribution (Fig. 6) . The existence and severity of SWR in the soils measured by WDPT test was found to be closely related to the soil moisture [Hewelke et al. 2016 ]. The similar pattern can be noticed in the case of SWR classes (Fig. 7) , except for the plot number 4 (wild meadow forest succession), where the SWR were almost all the time in class 1. It can be partially explained by high ground water level (measured long term average of ground water level is 0.66 m from the ground level) in this point.
Timely distribution of erosion and soil moisture within the catchment
The metrological conditions varied between particular experiments, which was connected with the fact that they were conducted at different times. In two cases, the experiments were conducted during midsummer, in July 2014 and July 2015, another two were performed during autumn September 2014 and October 2015, one The significant amount of sediment was always washed out from plot number 2, with agricultural cultivation (Fig. 8) . Except for the experiment in October 2014, the concentration of suspended sediment in runoff at this plot were in extreme case, 11 times higher than in the same time at plot number 5 (young forest). This situation should generally be explained by the strong protection of forest against the agricultural land, and general weak protection against erosion by the agricultural cultivation. It is also relevant, that in some experiments the sediment is not received at all. It was connected with the lack of runoff in those cases (experiment 10.02.2014 plot number 3 and experiment 16.09.2015 plot number 4) which means, that all the water used for experiment infiltrated and no runoff was generated.
The soils exhibited markedly seasonal variation for water repellence for all cases (Fig. 7) . During October 2014, after the wettest period, only the plot number 4 was wettable, and over 50% of extremely repellence was observed in plot number 2. All the soils were wettable after the winter months and the repellency increased during the summer, where three of the studied soil sites got repellent. By contrast, the samples collected in late summer exhibited the highest repellency values, as a result of exposure to the dry conditions of summer, i.e. when the soil moisture content was the lowest.
The parameters influencing the erosion processes during experiments
Among the parameters that strongly influence the erosion processes, the rainfall intensity plays . Soil moisture content before particular experiment for five plots a significant role. In this experiment, the rainfall intensity has been established as an equal value. Among other parameters, the vegetation cover has also been changing due to natural weather seasonality. When other parameters influencing erosion are assumed as constant (soil types, slope and plot length), it is possible to investigate how various parameters describing soil moisture condition impacted the mass of sediment produced during experiments. Therefore, the relation between sediment mass and following parameters for particular plots was investigated: I L , 5 day rainfall, initial moisture condition, soil temperature and runoff volume for all plots, excluding the plot number 2. The removal of plot number 2 data from analysis was caused by significant higher sediment concentration (Fig. 5) received from this plot, connected with agricultural cultivation. There is a general tendency that sediment mass increases with the amount of water on almost all plots (Fig. 9a ) except for plot 2 with agricultural cultivation (Fig. 9 ). Due to limited data, it is not possible to confirm the statistical importance of such relation in this case and the other. It should be understood as preliminary results.
There was no relation between sediment mass and I L (Fig. 10 and Fig. 10a ) at all plots. The exclusion of data from plot number 2, as it was in case of relation between sediment mass and water volume, does not improve the relation. The relation between sediment mass and sum of rainfall from 5 days suggests the decreasing relationship (Fig. 11a) between those variables. A similar relation has been noticed between sediment mass and initial moisture condition (Fig. 12a) , as well as between sediment mass and percentage of SWR class 1 (Fig. 14a) .The percentage of SWR class 1 is an indicator of soil wettable before experiment. The higher this percentage, the more wettable the soil. Those results confirm the suggestion pro- Relation between sediment mass and water volume measured in the receiving pot (Fig. 3) for all data and plots Fig. 9a . Relation between sediment mass and water volume measured in the receiving pot (Fig. 3) for all data without the plot 2 (agricultural cultivation)
posed by Wei et al. (2007) -for the dry period with deficit of water -that the drier the soil was before the rainfall, the higher soil losses were observed. This may be associated with low values of initial moisture content in most of the terms of measurement (10%). Only in the period of 25.05.2015, the initial moisture content exceeded 10%. Drying topsoil, along with other factors such as use, soil compaction, and weather conditions, cause significant differences in the size of surface runoff in the individual dates.The relation between sediment mass and temperature suggests an increase of eroded sediment along with the growing temperature (Fig. 13a) . 
CONCLUSIONS
The preliminary results of investigation concerning parameters which can have impact on soil erosion at chosen plots in Zagożdżonka river catchment with sandy soils and various cultivation by use of rainfall simulator results in following conclusion: 1. There are significant differences in soil erosion dependent on land cover. The concentration of sediment measured from plot under agricultural cultivation exceeded the sediment concentration measured from other plots with no agricultural cultivation fivefold.
The data obtained from experiments allows to
search for the relation between the chosen soil moisture indicators and mass of sediment generated during particular experiments. Among the 5 checked relations, the IL parameter seems to be the worst indicator of soil moisture impact on mass erosion. This parameter does not show any relation between eroded mass and its values. The decreasing relation between mass of sediment and sum of rainfall from 5 day before experiment, initial moisture condition and SWR class 1 in soil samples were found. However, due to relatively limited data it is not possible to confirm these relations by use of statistical analysis. 3. On the basis of the results from the conducted experiment, it can be concluded that there is a relation between the soil temperature and sediment mass generated during experiment. The mass of sediment grows with the increasing top soil temperature.
The tendency of increasing forest area in
Zagożdżonka catchment seems to be a straightforward solution for soil protection in the perspective of adopting to the climatic changes. 
